The frequency of mammary neoplasia in different species varies tremendously. Among women, breast cancer features as one of the most frequent types of cancer globally. Breast cancer is the cause of almost half a million deaths worldwide each year. Of these deaths, more than 58 % are occurring in developing countries. Mammary tumors are rare in cows, mares, goats, ewes, and sows as evident by few cases reported in literature. In dairy cattle and milking goats the udders are inspected daily by palpation when milking and the tumors would be detected soon. The morphological features of bovine mammary gland are more similar to those in human than in rodents, the latter being commonly used for cancerogenic studies. There are several factors that might affect the high rate of tumor development in women and attenuate the development of tumors in ruminants. Besides diet, life style, reproductive history, stress load, the general physiology and metabolism might have an influence. translational research using different mammary gland cell populations from several species may lead to comparative studies and may help reduce the risk and contribute to discovery of new therapeutic targets to treat breast cancer. In present work the zero occurrence of mammary gland tumors in ruminants will be reviewed focusing on literature records and mechanisms underlying the resistance.
INTRODUCTION
Since the dairy cow's udder is subjected to a cyclic growth and influenced by hormones, producing huge amounts of milk and is prone to mastitis the lack of tumors is striking. Although the average life span of a dairy cow is relatively short (6-8 years), some animals also reach the age up to 15 years. Since 8 years of bovine life is equivalent to 40 years of human life (Sweet at al., 1940) , many cows are allowed to live well beyond their "cancer age", which is reported to be approximately 8 years (Povey and Osborne, 1969) .
Mammary tissue undergoes continuous changes throughout the lifespan of reproductively active females.
Hormone induced terminal differentiation of the mammary epithelium into milk secreting lobular alveoli takes place during pregnancy and lactation (Hovey et al., 1999) . Mammary gland morphogenesis involves the regulatory function of several signaling pathways, i.e. growth factors, hormones ... During the tumorigenic process the signaling is deregulated, thus allowing the mammary epithelium to expand, proliferate, and invade neighboring tissue (hyperplasia). In humans, there are about 1.38 million new cases and 458 000 deaths from breast cancer each year (IArC Globocan, 2008) . There are several factors associated with increased risk of breast cancer including age of menarche, first child, onset of menopause, diet, level of exercise, obesity, alcohol consumption, presence of benign breast disease, exposure to radiation, family history and genetics (McPherson et al., 2000) . recent discoveries indicate that there is a connection between normal and tumor initiating mammary stem cell (Lim et al., 2010) . The extremely low incidence of mammary tumors in ruminant species in comparison with other mammalian species is a phenomenon, which deserves attention also from the medical prospective.
PREVELANCE Of MAMMARY TUMORS
Mammary gland tumors are frequent in dogs and cats, appearing extremely sporadically in other domestic animals. The dog is by far the most frequently affected domestic species. Mammary tumors represent approximately 52 % of all cancers in female dogs, and 50 % of them are malignant (Megalhaes, 2012) . Weather caused by genetic mutations or promoted by hormones, cancers in women and domestic dogs have similar expression profiles (Munson and Moresco, 2007) . tumors of the udder can be divided into a primary group of glandular, ductal, or stromal elements; primary cutaneous tumors which directly invade the udder (e.g. melanomas or squamous cell carcinomas); and secondary metastatic tumors (e.g. lymphosarcoma) (Povey and Osborne, 1969) . In contrast to domestic carnivores the incidence of mammary cancer in cattle almost equals zero.
In table 1 the reported tumors in cattle, goats and sheep are listed. There were some additional reports found but turned out to be inadequate. Although papilloma of the skin of the teats and udder are encountered frequently in cows, goats and sheep, published surveys show a notable scarcity of mammary tumors compared to other types of bovine cancer. Ford and colleagues reported only 41 cases of mammary gland neoplasia in cattle since 1902 (Ford et al., 1989) . There have been some additional cases reported since (Petrites-Murphy, 1992 , Ohfuji, 2012 , Chandrashekar et al., 2012 . In a spontaneous case of secretory mammary carcinoma in cow the neoplasm was highly aggressive and malignant, neoplastic cells exhibited cytokeratin immunoreactivity, indicating the epithelial origin (Ohfuji, 2012) . In addition, there have been two cattle scanning surveys conducted. First by united Stated Department of Agriculture in 1945, when they routinely inspected 13 million bovine udders and none was found to contain a tumor (cited in Povey and Osborne, 1969) and second done in republic of South Africa where the occurrence of tumors in cattle over 40 years was followed (Bastianello, 1982) . Out of 606 reported neoplasms the most common were squamous cell carcinomas of the eye and the vulva, whereas there were no mammary malignancies detected (Bastianello, 1982a) . Similar surveys were performed in goats and sheep and no mammary tumors were identified (Bastianello, 1982b , Bastianello, 1982c . The Veterinary Diagnostic Laboratory at Oregon State university inspected 102 tumors in 100 goats; of these 7 were mammary adenocarcinomas (Löhr, 2012) . One case of estrogen-dependent fibroadenoma growth was described in 2-month-old lamb mammary tissue (Dezfoulian et al., 2011) . The benign tumors are common in woman and rats but only two reports were made in cattle (Mina et al., 1994 (Mina et al., , tibault et al. 1997 . udders from 220 female goats were evaluated histologically, and three intraductal carcinomas were found, one of which had metastasized to the mammary lymph nodes (Singh and Iyer, 1972) . There was one interesting case reported in nubian buck, which was diagnosed with gynecomastia, mastitis, and mammary adenocarcinoma with active lactation, hyperplasia, and abscessation (Wooldridge et al., 1999) .
Differential diagnoses for masses in the udder include mastitis, abscess, hematoma, and other conditions that may lead to misdiagnosis and removal of animals from herds, without proper examination. For this reason some of the cases of mammary tumors can get overlooked. Additionally, the question arises as to whether the primary tumor did arise within the interstitial tissue of the mammary gland, or in a subcutaneous location cranial to the gland, from which it could have invaded the mammary tissue. nevertheless the incidence of mammary neoplasia in ruminants is still almost non existing.
RISK fACTORS
Due to the rare occurrence of mammary tumors in professional lactators, the risk factors and the biological behavior of mammary carcinomas are unknown. Epidemiological data support a role for hyperestrogenism in the genesis of human breast cancer. Ovarian hormones estrogen and progesterone are pivotal for the develop-ment of mammary gland and are involved in breast cancer (tanos et al. 2012) . Estrogen is crucial for epithelial cell growth, while progesterone promotes lobulo-alveolar differentiation during pregnancy and lactation. More than 60 % of breast cancers in women are of estrogen receptor positive type. Pregnancy shortens such exposure to estrogen. Evidence is fairly convincing that lactation reduces the risk of breast cancer among premenopausal women (Enger at al., 1997) . The low rate of mammary tumors in cattle may be due to the high rate of pregnancies as increased parity shortens exposure to estrogen and high lactation demands give protection against mammary carcinoma. In humans, a completed pregnancy at a young age reduces woman's lifetime risk of breast cancer by up to 50 %. However, the mechanisms responsible for this protective effect remain unclear. Stem cells have been proposed to be the cells of origin for breast cancer. Siwko and colleagues showed in different mice models that the numbers of adult mammary stem cells decreases with early pregnancy (Siwko et al. 2008) .
The dietary factors might explain the species differences, since lactation is evolutionary highly conserved process. However the species differ in diet regimes and in reproduction strategies. Diet low in fat and high in vegetable fibers is beneficial in protecting against breast cancer. Fruit and vegetable intake has been hypothesized to reduce the risk of breast cancer in humans. A recent meta-analysis of 14 cohort studies reported a statistically significant 11 % reduced risk of breast cancer overall comparing high vs. low fruit and vegetable intake (Aune et al., 2012) . On the contrary carnivores, like dogs or humans, eat a lot of meat and tend to be obese; these could be two major risk factors for development of mammary neoplasia (Perez-Alenza et al., 2000) . Another risk is that carnivores intake more carcinogens through diet since they are higher on the food chain. Because of similarities between human and ruminant mammary gland morphology and the fact that the incidence of mammary cancer in cattle is minimal further delineation of ruminant mammary gland populations is of clinical importance. using translational research there is a chance that understanding the processes occurring in mammary gland cells of bovine species will eventually provide clinical benefits for treatment of human breast cancer patients.
CONCLUSION
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